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Introduction: Acute kidney injury (AKI) affects 30% of adults hospitalized with hematologic malignancy.

Little is known about the long-term impact on kidney outcomes in this population despite the close

relationship between kidney function and malignancy treatment eligibility. The purpose of this population-

based cohort study was to determine the effect of AKI on kidney function in the year following a new

diagnosis of acute leukemia or lymphoma.

Methods: Participants were adults hospitalized within 3 weeks of malignancy diagnosis. Baseline kidney

function was determined and AKI diagnosed using standardized criteria. Cox proportional hazard

modeling examined the relationship between AKI and a $30% decline in estimated glomerular filtration

rate (eGFR) from baseline in the 1 year following hospitalization as the primary endpoint.

Results: AKI occurred in 33% of 1064 participants, with 70% of episodes occurring within 48 hours of

hospitalization, and significantly increased risk for a $ 30% decline in eGFR (hazard ratio [HR] 2.7, 95%

confidence interval [CI] 2.2–3.5) and incident chronic kidney disease (HR 2.2, 95% CI 1.7–2.8). AKI remained

a significant predictor of eGFR decline in subgroup and multivariable analyses (adjusted HR 1.9, 95% CI

1.4–2.7). A$ 30% decline in eGFR increased the risk for death within 1 year in participants with AKI (HR 2.1,

95% CI 1.3–3.3).

Conclusion: Results aid in identifying individuals at highest risk for poor outcomes and highlight the need

for research involving interventions that preserve kidney function from the time of initial hospitalization

with a hematologic malignancy into the postdischarge period.
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A
KI is a major barrier to positive health outcomes
and is known to affect at least 30% of adults

hospitalized with newly diagnosed hematologic malig-
nancies, often as a result of hypoperfusion, tumor lysis
syndrome, and chemotherapy-induced nephrotoxi-
city.1–4 Short-term consequences of AKI in this setting
include increased hospital mortality and a tripling
of lengths of stay and cost.2,5,6 Any resultant
permanent loss of kidney function may jeopardize
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eligibility for optimal cancer treatments and, ulti-
mately, survival.

Less is known about the long-term impact of AKI in
patients with hematologic malignancy, despite a
growing interest in post-hospital consequences for AKI
survivors. Individuals with hematologic malignancy
comprise a small portion of study samples in large
population studies and the degree to which these
findings are generalizable in this unique sub-popula-
tion is unknown. Conversely, small sample sizes and
limited durations of follow-up from published studies
of patients with AKI and hematologic malignancy make
it difficult to appreciate the long-term effects on kidney
function and health outcomes. A malignancy diagnosis
(of any type) was associated with a 1.9-fold risk of
rehospitalization with recurrent AKI in a cohort of
Kidney International Reports (2021) 6, 1050–1057
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adults surviving an initial AKI episode and not dis-
charged on dialysis.7 Results from a study of patients
admitted to the intensive care unit with select, high-
grade hematologic malignancies showed that those
with AKI were 0.58 times as likely to be alive in
complete remission at 6 months, and chemotherapy
modifications were required in 15% of patients as a
result of the AKI episode.3 Critically ill patients
included in this study were those with only the most
aggressive hematologic malignancies and previously
normal kidney function. Although existing findings
are notable, the current literature contains key
knowledge gaps. It is essential to further explore the
relationship between AKI and long-term kidney out-
comes in a more representative sample of hematologic
malignancy diagnoses, in patients with pre-existing
comorbidities, and in those outside of the intensive
care unit. This will allow for identification of in-
dividuals at high risk for poor outcomes and inform
interventions to protect and preserve kidney function,
a key determinant of eligibility for preferred chemo-
therapy, hematopoietic cell transplantation, novel
immunotherapy, and clinical trials. The purpose of this
investigation was to determine the effect of AKI on
kidney function in the year following a diagnosis of
acute leukemia or lymphoma. Recognizing the unique
differences between malignancies and treatment ap-
proaches, participants with acute leukemia and lym-
phoma were evaluated in aggregate as well as
individually.
METHODS

Study Design and Sample

A population-based cohort study was performed from
2005 to 2017 using the Rochester Epidemiology Project,
a medical records linkage system that unifies records
from multiple medical care providers in Olmsted
County, Minnesota and the surrounding 27 counties.
The Rochester Epidemiology Project includes de-
mographic data and comprehensive information related
to diagnoses, hospital admissions and outpatient
follow-up care.8 Residents have similar age- and sex-
specific mortality rates to those found in Minnesota
and the United States.9 We identified adults ($ 18
years of age) with newly diagnosed or relapsed acute
leukemia or lymphoma who were hospitalized within 3
weeks of the diagnosis. Diagnoses were identified using
International Classification of Diseases, Ninth and Tenth
Revision diagnosis codes recorded within 60 days of
pathology or hematopathology studies (Supplementary
Table S1). The requirement of corresponding pathology
studies was implemented in order to enhance the val-
idity of the diagnosis codes by decreasing the
Kidney International Reports (2021) 6, 1050–1057
likelihood of misclassification bias. Participants were
included only once, at the time of the index hospi-
talization within this time frame. Those diagnosed in
2005 were evaluated for a malignancy diagnosis
assigned in the preceding year to ensure no prevalent
cases were included. Relapsed disease was identified if
a malignancy diagnosis code that matched the code
assigned at cohort entry was recorded more than 1
year before study inclusion. Those with pre-existing
end-stage kidney disease requiring dialysis were
excluded.

Identification of AKI

Data were electronically abstracted from the Rochester
Epidemiology Project Database. Pertinent demographic
data included age at diagnosis, anthropometrics, he-
matologic disease subtype, and a history of cardiovas-
cular or chronic kidney disease, diabetes, or
hypertension. Comorbidities were identified using In-
ternational Classification of Diseases, Ninth and Tenth
Revision, diagnosis codes. Diagnosis with one of these
comorbidities required 2 codes separated by at least 30
days within 3 years of hospitalization in order to
reduce the potential for misclassification bias. A base-
line serum creatinine (SCr) was established for each
member of the cohort using the median outpatient SCr
values from the period of 6 months up to 7 days prior
to hospitalization or, if unavailable, estimated using the
MDRD formula.10 This SCr was also used to determine
baseline eGFR prior to study entry, calculated using
the Chronic Kidney Disease Epidemiology Collaborative
equation. Routine laboratory data collected from the
hospital encounter included SCr measurements, which
were used to identify and stage AKI per the KDIGO
criterion.11 AKI was classified as community- or
hospital-acquired based on time of onset (within 48
hours of hospitalization for community-acquired AKI,
> 48 hours for hospital-acquired AKI).12 Referent
participants were free of any stage AKI throughout the
duration of their hospitalization.

Outcome Assessment

The primary outcome of interest was a $ 30% decline
in eGFR from baseline in the 1 year following hospi-
talization. The threshold of$ 30% decline was selected
because it has been strongly associated with increased
risk for end-stage kidney disease and all-cause mor-
tality in the general population.13 As CKD requires
persistent kidney dysfunction for a minimum of 90
days following an episode of AKI,11 the outcome was
assessed between 90 and 365 days after the last day of
hospitalization using serially collected SCr data to
calculate eGFR. A minimum of 1 SCr value, obtained in
the outpatient setting, was required for inclusion in the
1051



New diagnosis of acute leukemia or lymphoma 
n = 1143

Study cohort
n = 1069

End stage kidney disease
n = 74

Acute kidney injury present
n = 355

Stage 1: n = 229
Stage 2: n = 67
Stage 3: n = 59

Acute kidney injury absent
n = 714

Figure 1. Flowchart for included participants.
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analysis. Participants with a baseline eGFR $ 60 ml/
min per 1.73 m2 were considered to have normal
baseline kidney function and were evaluated for new
CKD stage 3 or higher, defined as eGFR < 60 ml/min
per 1.73 m2, during the follow-up period.11 Review of
medical records for follow-up was conducted for up to
12 months or until death or loss of follow-up, which-
ever occurred first.

Statistical Analysis

Descriptive statistics were used to report demographics
for the entire cohort and for the groups with and
without AKI. Univariate Cox proportional hazard
modeling estimated the HR for a $ 30% decline in
eGFR from baseline in the aggregate cohort and in
subgroups based on malignancy type (acute leukemia
or lymphoma). We also compared the HR for a $ 30%
decline in eGFR from baseline according to maximum
AKI stage. Multivariable Cox proportional hazard
modeling included the following clinically relevant
variables: age, sex, year of diagnosis, eGFR at baseline
and hospital dismissal, malignancy subtype (including
acute myeloid leukemia, acute lymphoblastic leukemia,
other leukemia, non-Hodgkin lymphoma, and other
lymphoma), relapsed disease, comorbidities (including
cardiovascular or chronic kidney disease, diabetes, and
hypertension), and hospital readmission, hematopoietic
cell transplant, or subsequent AKI episode during the
follow-up period. The model was checked for non-
proportionality to ensure no violations were found.
Cumulative incidence curves, adjusted for competing
risk of death, described the time to a $ 30% decline in
eGFR from baseline in those with and without AKI and
by AKI stage. To explore the association between
experiencing an episode of AKI and/or a $ 30%
decline in eGFR from baseline and survival, Cox pro-
portional hazard modeling was performed. This
1052
modeling used a 4-level categorical variable for the
combinations of having an AKI and/or $ 30% decline
in eGFR as a time-dependent covariate for the predic-
tion of survival. All HRs are reported with their cor-
responding 95% CIs using a 2-tailed alpha level of <
0.05 to indicate statistical significance.

RESULTS

Participants

There were 1143 individuals with newly diagnosed or
relapsed acute leukemia or lymphoma during the study
time frame, of which 1069 were included (Figure 1) and
are described in Table 1. Relapsed disease was present
in only 33 (3%) cohort participants. Demographics and
baseline characteristics, including baseline kidney
function, were similar between those with acute leu-
kemia and those with lymphoma (Supplementary
Tables S2 and S3).

Of the 355 participants who experienced AKI, 249
episodes (70%) were community-acquired and 106
(30%) were hospital-acquired. Of the 59 participants
with AKI stage 3, 33 (56%) required dialysis during the
hospitalization and 17 (29%) required dialysis at least
once within 90 days after hospitalization. AKI occurred
in 190 participants (43%) with acute leukemia and 165
(26%) with lymphoma (Table 2).

Outcomes

Of the 1069 participants, 755 (71%) had adequate
follow-up for assessment of the primary outcome of a$
30% decline in eGFR. Outcome assessment was possible
in 64% of participants with AKI and 74% of referent
participants. The primary identifiable reason for
insufficient follow-up was death (n ¼ 239). Loss of
follow-up occurred in 35% and 25% of participants
with acute leukemia and lymphoma, respectively, with
death as the reason in 84% of the individuals with
Kidney International Reports (2021) 6, 1050–1057



Table 1. Participant characteristics

Characteristic
Total cohort
(N [ 1069) AKI (n [ 355)

No AKI
(n [ 714)

Age, yr 67 (54–76) 67 (54–76) 66 (55–78)

Male sex, n (%) 624 (58) 242 (68) 382 (54)

White race, n (%) 1002 (94) 327 (92) 675 (95)

Body mass index 28 (24–33) 28 (25–34) 27 (24–32)

Malignancy subtype, n (%)

Acute leukemia 440 (41) 190 (54) 250 (35)

Lymphoma 629 (59) 165 (46) 464 (65)

Cardiovascular disease, n (%) 183 (17) 65 (18) 118 (17)

Diabetes, n (%) 190 (17) 74 (21) 116 (16)

Hypertension, n (%) 367 (34) 126 (36) 241 (34)

Chronic kidney disease, n (%) 82 (8) 31 (9) 51 (7)

Baseline SCr, mg/dL 0.9 (0.8–1.1) 0.8 (0.7–1) 0.9 (0.8–1.1)

Baseline eGFR, ml/min
per 1.73 m2

80 (63–95) 84 (63–101) 78 (63–94)

AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; SCr, serum
creatinine.
Continuous data are reported as median (interquartile range).

Table 2. AKI characteristics by malignancy subtype
Acute leukemia
(n [ 190)

Lymphoma
(n [ 165)

AKI stage, n (%)

Stage 1 130 (68) 99 (60)

Stage 2 34 (18) 33 (20)

Stage 3 26 (14) 33 (20)

Dialysis during hospitalization, n (%) 16 (8) 17 (10)

eGFR at hospital dismissal, ml/min per 1.73 m2 84 (55–101) 81 (57–98)

AKI, acute kidney injury; eGFR, estimated glomerular filtration rate.
Continuous data are reported as median (interquartile range).
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acute leukemia and 68% of the individuals with lym-
phoma. The median (IQR) number of follow-up SCr
measurements between 90 and 365 days following
hospitalization was 22 (6–51) in participants with AKI
and 11 (5–35) in referent participants without AKI
during index hospitalization.

Cumulative incidence of a $ 30% decline in eGFR
from baseline at 1 year was 68% (95% CI 57–76) for
those with any stage AKI and 39% (95% CI 32–45) for
referent participants without AKI during the index
hospitalization, with a corresponding HR of 2.7 (95%
CI 2.2–3.5; P < 0.001) in univariate analysis. Subgroup
analyses by malignancy subtype and AKI stage
revealed similar results (Table 3). Figure 2 depicts the
time to a $30% decline in eGFR, adjusted for the
competing risk of death. Table 4 describes the rela-
tionship between a$ 30% decline in eGFR and risk for
death within 1 year.

The relationship between AKI during hospitalization
and a $ 30% decline in eGFR from baseline remained
significant in multivariable analysis, with an HR of 1.9
(95% CI 1.4–2.7; P ¼ 0.001) (Figure 3). Other factors
that were associated with a $30% decline in eGFR
included age, eGFR at baseline and at hospital
dismissal, an AKI episode or hematopoietic cell trans-
plant during the follow-up period after index hospi-
talization, and select malignancy diagnoses.

Among all participants with normal baseline kidney
function (n ¼ 620), the frequency of incident CKD
based on outpatient eGFR at 1 year was 51% in those
with any stage AKI and 32% in referent participants
free from AKI during the index hospitalization (HR 2.2,
95% CI 1.7–2.8; P < 0.001). In those with acute leu-
kemia, 69 of 115 participants (60%) with AKI devel-
oped incident CKD, compared with 77 of 149
Kidney International Reports (2021) 6, 1050–1057
participants (52%) without AKI during index hospi-
talization (HR 1.5, 95% CI 1.1–2.1; P ¼ 0.009). In those
with lymphoma, 28 of 73 participants (38%) with AKI
developed incident CKD, compared with 63 of 282
participants (22%) without AKI during index hospi-
talization (HR 2.1, 95% CI 1.3–3.3; P ¼ 0.001).
DISCUSSION

AKI affects approximately 1 of every 3 individuals
hospitalized with newly diagnosed or relapsed acute
leukemia or lymphoma. Though the bulk of partici-
pants experienced stage 1 AKI, 35% of AKI episodes
were stage 2 or 3 severity. These rates of AKI are higher
than those reported in the general population.14 Fre-
quency of AKI appeared higher in the subgroup with
acute leukemia (45%–50% of those with acute myeloid
or lymphoblastic leukemia) compared to the patients
with lymphoma. This is possibly due to longer hospi-
talization and duration of neutropenia, higher infection
rates, or increased exposure to nephrotoxins such as
antibiotics in patients with leukemia.

The general population of AKI survivors is at
increased risk for hospital readmission, cardiovascular
events, CKD, and death,7,15–18 but it is unclear how
well these data extrapolate to patients with a diagnosis
of a hematologic malignancy.16,18 Our data showed that
in a group of patients with new acute leukemia or
lymphoma, an episode of AKI was associated with a
1.9-fold higher risk for significant eGFR loss and
increased the risk for incident CKD among those with
normal kidney function at baseline. In the overall
cohort, risk for eGFR loss remained constant regardless
of the stage of AKI. Although stage 2 and 3 AKI have
been linked to higher risk for end-stage kidney disease
and death relative to stage 1 AKI, other studies have
demonstrated that the risk for outcomes such as
recurrent AKI or CKD was not significantly affected by
AKI stage.7,19 These findings underscore the potential
significance of even small changes in kidney function.
In the present study, incident CKD among patients
with a new hematologic malignancy occurred at higher
rates than in all-comers by 1 year (50% vs. 30%).12,20
1053



Table 3. Risk of a $30% decline in eGFR from baseline within 1 year in univariate analysis
All patients Acute leukemia Lymphoma

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

AKI 2.7 (2.2–3.5) < 0.001 1.9 (1.4–2.6) < 0.001 2.9 (2.0–4.3) < 0.001

AKI stage

No AKI Reference Reference Reference

Stage 1 2.7 (2.1–3.5) < 0.001 1.7 (1.3–2.5) 0.001 3.2 (2.1–4.8) < 0.001

Stage 2 or 3 2.8 (2.0–4.0) < 0.001 2.5 (1.6–3.9) < 0.001 2.5 (1.4–4.4) 0.002

AKI, acute kidney injury; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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This is consistent with population data indicating CKD
is more prevalent in those with malignancy relative to
the general population,21 possibly because of higher
frequency of acute illness and hospitalization or
exposure to nephrotoxic chemotherapy.

An increase in comorbidity burden such as with
new CKD is especially consequential for patients with
cancer and has implications for costs, care decisions,
and quality of life.22–24 Transplant programs and clin-
ical trials for novel immunotherapy or chemothera-
peutics often deny entry to patients with an SCr level
> 1.5 mg/dL or an eGFR < 60 mL/min per 1.73 m2.
Preferential regimens for leukemia and lymphoma often
include renally eliminated and nephrotoxic agents such
as methotrexate, cyclophosphamide, and cytarabine.
Development of long-term kidney dysfunction may
result in these drugs being omitted from treatment
programs, doses being reduced, or second- or third-line
regimens being selected, all of which could adversely
affect the efficacy of cancer treatment.3 Our analysis
showed that the risk for death was significantly
increased in those participants with a decline in
eGFR $ 30% from baseline within 1 year of diagnosis.
The association was strongest among those who did not
experience AKI at the outset of diagnosis (the primary
variable of interest in our study), but subsequently
Figure 2. Time to a $ 30% decline in eGFR from baseline in (a) the overa
competing risk of death. AKI, acute kidney injury; eGFR, estimated glome
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experienced a $ 30% decline in eGFR from baseline.
This may have been the result of AKI that occurred
later during the malignancy disease course, which is
not uncommon.25 Our multivariable analyses also
revealed a significant association between AKI episodes
occurring after the index hospitalization and a $ 30%
decline in eGFR from baseline. Taken together, these
findings may indicate that AKI that occurs later during
a patient’s treatment course has a greater effect on
outcomes, for the reasons stated above. These data, as
well as our primary findings of a doubling of risk for
significant eGFR loss and CKD in a short, 1-year time
frame, highlight the overall impact of AKI and the need
for interventions that preserve kidney function from
the outset of hematologic malignancy diagnosis.

Despite observing a higher proportion of patients
with leukemia affected by AKI relative to those with
lymphoma, the relationship between AKI and a $ 30%
decline in eGFR from baseline was stronger in the
subgroup with lymphoma. This may be due to
increased exposure to nephrotoxic chemotherapy (e.g.,
methotrexate) in the lymphoma subgroup as part of the
recommended standard-of-care treatment regimens
during the study time period.26–28 Experiencing AKI at
the outset of a lymphoma diagnosis may reduce renal
reserve, making individuals more susceptible to
ll cohort (P < 0.001) and (b) by AKI stage (P < 0.001), adjusted for
rular filtration rate.

Kidney International Reports (2021) 6, 1050–1057



Table 4. Relationship between a $30% decline in eGFR and risk for death within 1 year
Overall Acute leukemia Lymphoma

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Neither AKI nor 30% decline Reference Reference Reference

30% decline, no AKI 4.3 (2.9–6.4) < 0.001 2.8 (1.5–5.2) 0.002 5.9 (3.5–10.0) < 0.001

AKI, no 30% decline 1.1 (0.7–1.9) 0.71 1.0 (0.5–2.2) 0.99 1.1 (0.5–2.2) 0.86

AKI and 30% decline 2.1 (1.3–3.3) 0.002 1.4 (0.7–2.8) 0.32 2.9 (1.5–5.7) 0.002

AKI, acute kidney injury; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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permanent eGFR loss with successive exposure to
nephrotoxins.29,30 It is also possible the lymphoma
subgroup experienced subsequent episodes of AKI
(after the index hospitalization) more frequently than
the group with acute leukemia. Despite these differ-
ences between the subgroups, the relationship between
AKI and eGFR loss and incident CKD remained signif-
icant in all analyses.

The majority of AKI episodes were evident within
the first 48 hours of hospitalization. This important
finding is consistent with our prior research but pre-
viously unrecognized in published literature.1 In such
cases of community-acquired AKI, kidney damage
likely began early in the course of illness or perhaps
preceded hospitalization.12 This may jeopardize in-
dividuals’ candidacy for first-line therapies and
aggressive malignancy treatment from the outset of
diagnosis.3,22 Higher baseline eGFR was also indepen-
dently associated with significant eGFR loss. It may be
that individuals with preserved eGFR more commonly
undergo aggressive treatment and subsequently endure
multiple kidney function insults. The pattern of AKI
presentation and patients affected underscore the
importance of efforts aimed at facilitating recovery
from AKI, regardless of baseline kidney function, in
addition to usual preventative measures. More research
is needed to understand the patterns of recovery from
Figure 3. Risk of a $ 30% decline in eGFR from baseline within 1 year give
AKI, acute kidney injury; ALL, acute lymphoid leukemia; AML, acute myelo
eGFR, estimated glomerular filtration rate; HCT, hematopoietic cell transp
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AKI in this population. In our multivariable model,
lower eGFR at hospital dismissal was independently
associated with sustained loss of eGFR. This finding has
also been reported elsewhere16,18,31,32 and suggests that
patients with AKI in whom kidney function does not
recover by hospital dismissal represent an extremely
high-risk population. Interventions such as careful
medication reconciliation, purposeful kidney function
monitoring during transitions of care, and patient ed-
ucation may be key to preventing comorbidity and
optimizing malignancy outcomes.

This study has several limitations to consider. The
potential for prevalence-incidence bias was addressed
by including participants at the time the first malig-
nancy diagnosis code was documented during the
study time frame. We also evaluated those included
during 2005 for a malignancy diagnosis assigned in the
preceding year. It is possible that some individuals may
have migrated into the population cohort with pre-
existing malignancies and thus their first malignancy
diagnosis codes represent prevalent cases. Addition-
ally, sample selection was limited by the sensitivity of
diagnosis codes for acute leukemia and lymphoma. We
addressed this through combination of relevant codes
with hematopathology data to enhance validity and
decrease misclassification. Results may not be general-
izable to those not requiring hospitalization or
n acute kidney injury during hospitalization in multivariable analysis.
id leukemia; BMT, bone marrow transplant; CI, confidence interval;
lant; NHL, non-Hodgkin lymphoma; *td, time-dependent variable.
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experiencing AKI within 3 weeks of diagnosis, as such
individuals may differ in overall health and complica-
tion rates from the present cohort. Prevalence of CKD at
baseline appeared low in the cohort. This may be due
to overestimation of eGFR in those without available
baseline SCr data, poor sensitivity of CKD identifiers, or
an indication of low comorbidity in individuals with a
new malignancy diagnosis. This study was likely un-
derpowered to assess how pre-existing CKD may affect
the relationship between AKI and subsequent eGFR
decline. Measurement bias may have resulted from
different rates of follow-up assessments between in-
dividuals with and without AKI. Though the number
of participants lost to follow-up was similar between
groups, those with AKI were monitored more
frequently. Additional effect modifiers or confounders,
such as malignancy-specific characteristics or medica-
tion exposures, may exist that were not captured in
this investigation, despite a robust multivariable
analysis.

This large population-based cohort study is among
the first to explore the relationship between AKI and
kidney function outcomes in patients with newly
diagnosed acute leukemia or lymphoma. Kidney func-
tion is an important determinant of eligibility for
preferred chemotherapy, hematopoietic cell trans-
plantation, and clinical trials and thus its preservation
plays a vital role in optimizing malignancy outcomes.
These data demonstrate that AKI at the time of new
diagnosis or relapse of acute leukemia or lymphoma
was associated with an increased risk for significant
decline in kidney function and incident CKD in the
following year. A $30% decline in eGFR from baseline
increased the risk for death in those with and without
AKI. Results help to identify individuals at high risk
for poor outcomes who stand to benefit most from ac-
tion to protect and preserve kidney function. Further
research is needed to determine interventions that may
mitigate deleterious consequences of AKI in this unique
subset of patients.
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